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ⅣIolecular dynanlics analysis of the nucleation
in diamond thin Filln formation
Tomoo KAYABA
Abstract
Thin 11llns have been widely used in the fields of electronic devices, coatings and new
materials,  Particularly the diamOnd illn has drawn attention for the electronic devices used
in higher temperature and the coating of cutting tools used for the hard alunlinum aHoys
because recently high quality diamond filna can be synthesized cheaply froin the gas phase,using
the CVD (CheniCal Vapor Deposition)Inethod. For the electronic devices such as p―n junc―
tion diode or field―effect transistor, the single crystal diamond fllm deposited on the silicon
substrate is under development  lt is important to understand the mechanism of diamond
nucleation on sihcon substrate by Cヽア正)method, but the mechanism has not yet been well
understood because of the difnculty of observation
ln this paper, in order to elucidate fundamental process of the nucleation of diamond,
molecular dynamics simulations of the nucleation on the silicon substrate、、アere conducted.
First, in order to elucidate fundamental process of the nucleation of diamond based on
quantulll inechanics,ab―init o molecular dynanlics silnulations of the nucleation On the silicon
substrate、vere conducted.  Ab―initio molecular dynaHlics based on quantuni mechanics,not
molecular dynanlics using the empirical potential such as WIorse potential, 、パras necessary,
because the nucleation■licroscopically吼アas the combination of two kinds of atoms composing
the nlln and the substrate respectively.
Next,the mechanisin of the nucleation of diamond on the silicon substrate has been studied
by molecular dynaHlics sirnulation,introducing two and three―dirnensional nucleation mod ls
For the potential between various atoms, ふ/1orse potenti l that、vas e pirical, central and
pair、vise had been used because of its easiness.
Finally,rnolecular dynanlics sirnulation of the adsorption of carbOn atoms on the silicon
substrate、、ア s conducted  Tersoff potential、、アas used for the calculation of atonlic interaction
lt Ⅵras shown that the adsorption phenomenon、vas nde endent of the velocity and the angle of
lncldence,
This thesis consists of the follo■、アing seven chapters
Chapter l,the introduction,gives a brief description of the background and the purpose of
this study and organization of the present thesis
ln chapter 2 and 3,in order to elucidate fundamental process of the nucleation of diamond
based on quantum mechanics,ab―initio rnolecular dynanlics silnulations of the nucleation on the
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sihcon substrate were conducted  Only one carbon atoHl、vas used for the sirnulati ns.  T、vo
types of silicon substrate,that consisted of perfect crystal and that had a point defect, were
used for the sirnulation and compared Mrith each other.  Car―ParrineHo method was used for
ab―initio molecular dynanlics calculation,  The behavior of the carbon atonl on and in the
sihcon substrate in the simulation, and the state of bond between the silicon atoms in the
substrate and the carbon atolll、vere shown.
It had been reported that diamond nlrn was、vell bonded to the substrate only through nuclei
grown in the early stage of depOsition  To make diamond filln of good quality,therefore,it
wras irllportant to increase nucleation density  lt M〆as empiricaHy known hat nucleation
density on pretreated substrate Ⅵ/as much higher than that on substrate Ⅵrithout pretreatment.
But, the mechanism for this direrence had not been made clear.  The effect of surface
pretreatment of substrate on nucleation was studied through numerical silnulations of nuclea‐
tion of diamond on sihcon substrate in Cヽた正)process  TI、アo―dilne sional nucleation rnodel that
consists of pretreated silicon substrate and reaction gas was proposed  Scratch On the surface
of the substrate introduced by surface pretreatinent was rnodeled by氏′‐―notch h v g wvo point
defects  Numerical simulations with the model showed that diamond nuclei were formed at
the point defects.
In chapter 5,in order to make clear the eTect of defects in substrate on nticleation process,
three dilnensional numerical silnulations of the nucleation of diamond On silicon substrate by
the Cヽ「正)Inethod were conducted.  A three dilnensional nucleation model that cOnsisted of
pretreated silicon substrate and reaction gas was proposed  Scratch on the surface of the
substrate introduced by surface pretreatment was modeled by aヽアーshap d notch having two
point defects  Three dilnensional numerical sirnulations of nucleation with the model sho、ved
that diamond nuclei were formed at the point defects  They also sho、v d that th  position of
the t、、アo defects had ilュfluence on the nucleation prOcess
ln chapter 6,Inolecular dynanlics silnulations of the adsorption of carbon atonl on sihcon
substrate without defect were conducted  Fundamental process of the nucleation of diamond
consisted of both the adsorption and the renection of carbon atoms on the silicon substrate
The details of these phenomena were not clear  Only one carbon atom was used for the
simulation aiming at showing fundamental process of the nucleation.  Tersoff potential was
used for calculation of atonlic interaction  lt was shoMrn that the adsorption phenomenon、vas
not arected by the velocity and the angle of incidence of the carbOn atom.  The position of
carbon adsorption was discussed.
Chapter 7 is the suHllnary Of the present study
Proressor(Chairperson)  Noboru ONO
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